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lings in similar stages of growth were then trans¬ 
ferred to the soil extracts—as was the case in the 
writer’s experiment above ouoted—we still have in 
the case of some varieties of plants this delayed ger¬ 
mination period extended to a considerable length in 
water cultures; in other words, the extract from a 
heated soil retards growth during a period of several 
days after the germination has actually taken place. 
This appears to be connected In some way with the 
formation of root hairs, the growth of which is often 
entirely inhibited in water cultures. 

The safest way of testing the effect of various soil 
extracts on plant growth is to sow seeds in different 
portions of one and the same soil (which should not 
be too rich), and then, after germination, water with 
the various soil extracts. 

Until some assurance is forthcoming that the neces¬ 
sary precautions have been taken, the results of the 
water cultures mentioned cannot be accepted. 

Finally, it will be difficult for any theory of soil 
fertility that, like Dr. Russell’s, claims that all, or 
almost all, depends on bacterial activity to explain 



Fig. i.—M aize plants after growing for seven days in soil previously treated as follows:—n-18 not 
heated; 19-26 heated to 95 0 C.; 27-34 heated to 170° C. 

away the injurious effect of any one plant on all its 
neighbours (see present writer in Journ. Agric. Sci., 
vol iv., part hi.). F. Fletcher. 

Kyambu, British East Africa, November 27, 1912. 


Mr. Fletcher is under a misapprehension in attri¬ 
buting to me a “theory” that “all, or almost all," 
of soil fertility depends on bacterial activity. I 
should certainly agree with Mr. Fletcher that any I 
such hypothesis, if it were advanced, would be much 
too narrow to account for the facts. 

Soil fertility is not due to the operation of any one 
factor, but of several. At least five conditions have to 
be fulfilled by the soil if the plant is to make satis¬ 
factory growth. There must be (1) adequate food 
supply; (2) proper water supply; (3) suitable tempera¬ 
ture; (4) enough air for the roots; (5) absence of 
injurious substances or factors. Every one of these 
conditions is essential; any one that is unfulfilled sets 
a limit to the growth of the plant, and therefore to 
the fertility of the soil. 

I have discussed the interaction of these various 
factors at some length in my book on “ Soil Condi- 
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tions and Plant Growth,” and need now only refer to 
the place of bacterial action in the scheme. 

Among the various nutrients required by the plant 
are the nitrogen compounds. Nitrates are the com¬ 
pounds usually obtained from the soil, but ammonium 
salts also serve; there is evidence, however, that highly 
complex compounds like the proteins, peptones, &c., 
are of little value to the plant even when they are 
soluble. Now the nitrogen compounds of the soil are 
mainly complex and insoluble, but they decompose 
slowly to form ammonia, which then oxidises to 
nitrates. 

It has been repeatedly demonstrated that when all 
the other essential conditions are satisfied, an increase 
in the supply of ammonium compounds or of nitrates 
increases the amount of plant growth, i.e, of soil 
fertility. An increased supply of ammonium salts and 
nitrates may be brought about either by direct addi¬ 
tion of these compounds or of substances easily con¬ 
verted into them, or by increasing the rate at which 
ammonia production takes place in the soil. 

The production of ammonia in the soil is largely 
due to bacteria. When the condi¬ 
tions are made more favourable to 
bacterial action a marked increase 
in activity sets in, accompanied by 
an increased production of ammonia 
and nitrate. A corresponding in¬ 
crease in soil fertility follows. Par¬ 
tial sterilisation of the soil leads to 
marked increases in bacterial 
numbers for reasons that Dr. 
Hutchinson and I have discussed 
elsewhere. The accompanying in¬ 
crease in the amount of ammonia 
produced is so closely connected 
with that of the bacterial numbers 
that no reasonable doubt can be 
entertained as to its bacterial origin. 

So much for the general relation¬ 
ship of bacterial activity to soil 
fertility. We can now turn to some 
of the details raised by Mr. 
Fletcher. He goes on to say that 
if bacterial activity has anything to 
do with soil fertility a completely 
sterilised soil ought to be less fertile 
than a partially sterilised soil. Un¬ 
fortunately no one has ever suc¬ 
ceeded in carrying out this experi¬ 
ment. When a soil is heated to 
170° C., as in Mr. Fletcher’s experiments, 

or even to 120° C., as in some of ours, 
it alters so completely that it can no longer 
be. compared in . any " sense with the unheated 
soil. A considerable amount of decomposition takes 
place, and much ammonium and other simple 
soluble nitrogen compounds are formed. There 
is no reason to suppose that it matters to the plant 
whether the ammonium and other compounds are 
formed by bacterial action or by any other process; 
the essential point is that they should be formed; 
whatever their origin, they serve as plant nutrients' 
The increased gain in plant growth on such highly 
heated soils can be largely attributed to this cause." 

The water-culture experiments, like the other ex¬ 
periments made at Rothamsted, were carried out with 
all the care and precautions that we could command. 
The obvious pitfalls mentioned by Mr. Fletcher were 
avoided. The fact that our results differ from those 
obtained by the United States Bureau of Soils implies 
no contradiction at all; they worked with “ sour ” 
soils, and we worked with the entirely different “sick” 
soils. We could find no evidence whatsoever of the 
presence of any toxin in our sick soils, or in our 
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normal soils, but we do find abundant evidence of the 
activity of organisms detrimental to the ammonia- 
producing bacteria. We are therefore justified in re¬ 
garding these detrimental organisms as one of the 
factors limiting soil fertility. We have shown that 
partial sterilisation destroys these organisms, and that 
it causes an increase in numbers of ammonia-produc¬ 
ing bacteria, in the amount of ammonia produced, 
and in the fertility of the soil; these factors are all so 
closely connected with one another that no reasonable 
doubt can be entertained of the existence of a causal 
relationship beLween them. E. J. Russell. 

Rothamsted Experimental Station, Harpenden. 


Precocity of Spring Flowers. 

I had occasion to remark in a letter to Nature 
(No. 1477, vol. lvii., February 17, 1898) on the 

unusually early flowering of many winter and spring 
flowers in the December of 1897 an d the January of 
1898; so many of these records have been surpassed 
already during the recent remarkably mild period that 
I am venturing to put a few of them before your 
readers. For the last twenty years I have kept a 
record of the first flowers of about eighty species of 
wild and garden spring flowers in this county, and 
the season named above is the only example which 
at all approaches the present one in the precocity of 
flowering. 

The winter aconite began on December -8, and has 
been flowering profusely since the middle of the 
month, when about a hundred blossoms were gathered 
in one day; other early dates are December 20, 1911, 
December 23, 1897; the first week in January is the 
mean, the latest January 27, 1887. Green hellebore, 
January 10; usually end of February; latest, March 
26, 1902. Fetid hellebore, December 1; usually early 
February; latest, February 21, 1904. Lesser celan¬ 
dine, December 1; usually early February; latest, 
March 12, 1900; other early records, January 20, 
1898 and 190!. Wild white sweet violet in the 
hedges, January 5, many to be seen now, whereas 
mid-February to early March is its usual season. 
Pyrus japonica on many walls has been as much 
covered with flowers throughout December as it is 
usually in April and May. 

Strawberry-leafed cinquefoil, December 24; usually 
begins in F'ebruary. Gooseberry, January 3; a bush 
in the garden with many opened flowers. Hedge 
parsley abundant in the hedges in January; usually 
begins in mid-April. Lonicera fragrantissima, from 
December 18 onwards; usually begins early in 
January; earliest, December 10, 1900. 

Adoxa moschatellina (Moschatel), in bud January 
11; usually flowers in April. Petasites fragrans 
(winter heliotrope), mid-November, occasionally as 
early, but more usually December and January. 
Yellow coltsfoot, January 7; usually early March; 
earliest previously, January 21, 1898, February 20, 
1897; latest, March 26, 1909. Primroses abundant in 
December and early January. Omphalodes verna 
abundant December; usually early March; latest, 
April 1, 1902. Spurge laurel, December 20; usually 
early in February; January 12, 1912, January 29, 
1.898, March 18, 1897. Dog’s mercury, d flowers, 
November 28; earliest previously, December 21, 1900; 
latest, March 12, 1900. Hazel, both d and 9 , 
January 5; earliest d , December 24, 1911, 9 , January 
16, 1906. 

Chimonanthus fragr ans (winter sweet), very 
abundant from November 14; earliest before, Decem¬ 
ber 9, 1907. Yellow crocus, January 5; earliest, 
January 22, 1901, January 24, 1898. Galanthus 
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Elwesii, November 14. Common snowdrop, Decem¬ 
ber 28; earliest, January 8, 1912. Foliage has been out 
for some time on honeysuckle and elder, and even 
the “ brushwood sheaf round the elm-tree bole is in 
tiny leaf,” which, according to Browning, should not 
occur until April! Flower-buds are swelling on 
English elm and grey willow. 

Eleonora Armitage. 

Dadnor, Herefordshire, January 13. 


Many references are being made to the numbers of 
plants in flower now to be found in various parts of 
the country. May I give a list of those I gathered 
on January 6 in our garden in South Devon, ranging 
from 230 to goo ft. above sea-level? 

Gorse (double French and single), ivy, jasmine 
(yellow), honeysuckle, crocus (yellow), polyanthus, 
primrose, berberis, Daphne mezereum, ribes (pink and 
white), daisy, veronica (purple and pink), laurustinus, 
azalea (white), rhododendron (red), clianthus (“ par¬ 
rot’s bill ”) mignonette, heath (white and Mediter¬ 
ranean), violet (Russian, white, and Neapolitan), rose 
(pink, yellow, and “ Dorothy Perkins ”), genista 
(yellow), passion-flower, forget-me-not, snowdrop, 
lavender, cyclamen, tobacco-plant (white), ivy gera¬ 
nium (pink), wallflower, borage, Helliborus ( foetidus, 
orientalis, and niger ), arabis, Garry a elliptica, arbutus, 
solanum, pansy, Aubrietia purpurea, and Pieris 
(Andromeda) floribunda. T. Mary Lockyer. 

Salcombe Regis, Sidmouth. 


The effect of the mildness of the winter is shown 
in the number of wild plants now in flower, some of 
them evidently survivors from the autumn, others 
early spring flowers, and yet others entirely out of 
season. During a walk on January 3 and 4 from 
Brighton 'through Ditchling and Haywards Heath to 
Balcombe, we observed no fewer than thirty wild 
flowers in blossom, many of them being abundant. 

The list is as follows :—Daisy, gorse, dandelion, 
cinquefoil, primrose, feverfew, avens, red deadnettle, 
hawkweed, groundsel, chiekweed, shepherd’s purse, 
yarrow, lesser celandine, garlic mustard, dtvarf 
spurge, spe&r thistle, barren strawberry, ivy-leafed 
speedwell, corn marigold, dog’s mercury, dove’s-foot 
crane’s-bill, field speedwell, herb robert, white dead- 
nettle, cress, lesser periwinkle (a garden escape), and 
the following, all young plants : wild-beaked parsley, 
buttercup, and rose campion. 

Edith How Martyn. 


Light Perception and Colour Perception. 

The Departmental Committee on Sight Tests hag 
recommended a method of classifying colour-blindness 
by measuring the luminosity of the colour sensations 
by means of the flicker method of photometry. The 
degree of abnormality is estimated by the ratio of 
red to green compared with the normal. This classi¬ 
fication is absolutely erroneous. Light perception and 
colour perception are quite distinct—that is to say, 
there may be considerable defect of colour perception 
without defect of light perception. The first two cases 
of colour-blindness (dichromics who confused red and 
green) examined by me on the method suggested by 
the Committee had a ratio identical with the normal, 
whilst a man who had not the least defect of colour 
perception had an abnormal ratio. Prof. A. W. Porter 
and I examined one of the above-mentioned colour¬ 
blind men by another method, and we could not detect 
the least defect in the perception of luminosity in any 
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